Parameter values (d~,N) of (1.950, 5.75) for MoVI-N and (1.893, 5.
Introduction
Molybdenum compounds have recently attracted considerable attention because of the interest in the chemistry of the earlier transition metals and their biological (Stiefel, 1977) and industrial (Braithwaite, 1978) importance. Molybdenum appears as an essential element in a number of enzyme processes, including that of symbionic nitrogen fixation, and its compounds are in wide use as catalysts.
It is well known that molybdenum tends to act as a typical ~r acceptor and exhibits a characteristic affinity towards oxygen, sulphur and the halogens, but less towards nitrogen. In the high-valence states, a common type of adduct therefore involves molybdenum in a basically octahedral environment with typically two terminal oxygens. As zr donation from oxo ligands to the metal occurs less readily at lower formal oxidation states, only a few poorly characterized oxo species of Mo Iv'HI are known (Bart & Ragaini, 1979) . Low-valent molybdenum chemistry is thus not heavily dominated by the oxo grouping. In considering the chemistry of molybdenum with simple nitrogen ligands, account should be taken of the fact that the cation exhibits a wide range of oxidation states and stereogeometries. Typically, in the tetravalent state the range of coordination numbers (4-8) involving nonoxo ligands is greater than for any other oxidation state. *Permanent address: Montedison 'G. Donegani' Research Laboratories, Via G. Fauser 4, Novara, Italy.
In the interpretation and use of structural results, especially in case of irregular stereogeometries, advantage should be taken of bond-strength (s) bond-length (d) criteria. This avoids the use of individual radii and obviates the need for assumptions regarding the nature of the chemical binding. A knowledge of bond strengths facilitates the interpretation of spectral data. It appears that parameter sets for s-d relations are largely confined to bonds to oxygen (Brown & Wu, 1976) , although a few others have been suggested (Brown, 1974; Hoggins & Steinfink, 1976; Zachariasen, 1978) , but none for nitrogen. Therefore, this note evaluates Mo--N bond strengths on the basis of structural data (Table 1) for molybdenum complexes with all-nitrogen and mixed (N,O) ligand sets for which structural data are available.
Results and discussion
Analytical bond-strength bond-length relations are usually taken to conform to inverse power or logarithmic functions (Donnay & Allmann, 1970; Pyatenko, 1972; Brown & Shannon, 1973; Allmann, 1975; Brown & Wu, 1976) . These expressions are essentially equivalent over the range of interest, with some deviations for bond strengths lower than about 0.2 v.u. Consequently, the procedure adopted here consists of describing the non-linear relation as s = (d/dl) -u, where d I and N are fitted values such as to ensure that the cation valence is obtained by summation of s over all the bonds to molybdenum. The expression s = (d/1.882) -6.0 has recently been shown to describe adequately Mo-O bonding for the range of molybdenum valence states from 2+ to 6+ (Bart & Ragaini, 1979 
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.... ) . (5), 0.50. Obviously, the latter data set suffers from some undesired interdependency of the Mo--N bond strengths on the values which describe Mo-O bonding. Initially obtained (d,N) parameter sets were then adjusted by minimizing the discrepancies of the calculated bond-strength sums and formal valence states using all available structural data (Table 1) . Parameter (d~,N) values of (1.950, 5.75) and (1.893, 5.1) for MoVI-N and MoV-N bonds, respectively, result in calculated cation bond-valence sums in close agreement with the formal oxidation states. It is apparent that the present available data still allow for a considerable uncertainty in the parameter values as (1.970, 6.2) and (1-946, 6.7) for MoVI-N and MoV-N bonds, respectively, are also fairly adequate. Similar expressions for less frequently occurring valence states could not be derived, although the quoted reference values allow (1.980, 13.4) to be established for Mom-N bonds. However, it is felt that this set requires further support.
Detailed examination of the results shows an average deviation of the calculated cation valence sums from the ideal valence values in Table 1 of about 3.0%, although there are individual deviations of up to about 10% in some structures. These discrepancies are partly due to uncertainties in the bond-length values, as indicated in the table by errors given for the bondstrength sums. Although many interatomic distances are quoted with standard errors of 0.005 A or less, it is well known that they are subject to systematic errors larger than this, as, for example, when the effect of thermal motion has not been corrected for. The true standard errors are therefore much larger than the values quoted. This obviously would improve the agreement between the bond-strength sums and the valences. It has been proposed (Brown & Shannon, 1973 ) that second-nearest neighbours might account for some of the additional deviations. Inductive effects are also important for compounds with weak bonding, whereas it is in doubt whether the usual analytical expressions are valid for the very weak contributions.
The results allow some interesting conclusions to be made concerning Mo--N binding. Complexes with molybdenum in the 6+ oxidation state that lack terminal O atoms are the nitrido complexes, where N 3is isoelectronic with 0 2-. The MoW-N bond length of 1.66 (4) A in AsPh4[MoCIaN] (Knopp, L6rcher & Str~ihle, 1977) and the MoVI-N-Mo vI distances of 1.64-1.67 (1) /k and 2.14-2.20 (1) /k in [MoCI3N] (StrS.hle, 1970) , and of 1.659-1.661 (5) A and 2.150-2.167 (5) A in [MoCI3N(POCI3)] 4 (Str~ihle, Weiher & Dehnicke, 1978) have been described in terms of triple and single bonds. The present analysis suggests here bond strengths of about 2.5 and 0.5 v.u. Using force constants derived from vibrational spectra, Goubeau (1966) ascribes a Bindungsgrad of 2.2 to the multiple bond in [MoC13N] . For the short terminal monosubstituted alkyl imido moiety with a MoV-N bond length of 1.733 (4) A in [Mo2(r/5-CsHs)2{(CH3)3CN}2 -(p-S)2] (Dahl, Frisch & Gust, 1974) , a bond strength of about 1.6 v.u. is suggested. Other examples of Mo-N multiple bonds are found in [Mo(i-PrO)3(NO)] 2 (Chisholm, Cotton, Extine & Kelly, 1978) and amongst the mixed (N,S) ligand sets, namely in [Mo(EtPhN2){(CH2)sNCS2 }3] BPh4 (March, Mason & Thomas, 1975) (Bishop, Chatt, Dilworth, Hursthouse & Motevalli, 1976) , in IMo(n-Bu2NCSz)3(NO)] (Brennan & Bernal, 1973) and in [Mo(NC6Ha-pCH3)-(PhCONNC6H4-pCH3)(Me2PhP)C121 (Hursthouse & Quick, 1978) , with Mo-N bond distances of 1.62-1.74 A. For the complex [Mo2(L-histidine)2-O2S2]. 1½H20, thought to possess formal Mo-N single bonds of 2.237-2.272 (9)/k (Spivack & Dori, 1975) , the present analysis suggests bond strengths of less than 0.5 v.u.
In oxo species, bridges of the type Mo(p-O)Mo and Mo(g-O)2Mo are quite common. Mo-O bond distances in linear MoV-O-Mo v bridges are 1.859 A (Bart & Ragaini, 1979) . The corresponding linear p-N bridge has not been described, but unsymmetrical linear MoNMo moieties are found in the aforementioned nitrido complexes and in the mixed-valent complex [{Mo(Et2NCSz)3 N}2.Mo(Et2NCSz)3](PF6)3 (Bishop et al., 1976) , with average Mo-N distances of 1.639 and 2. 143 A in the last case. The mean MoV-O bond length in the MoO2Mo binuclear units of Table 1 (Bishop, Chatt, Dilworth, Kaufman, Kim & Zubieta, 1977) . Although this bridge is not strictly comparable to the aforementioned di-p-oxo bridges due to differences in the ligancy of the bridging atom, the calculated Mo-N bond strength is similar (0.89 v.u.). Finally, while an Mo(fl-O)aMo bridge has been reported in [Mo2(pq)2Os].CH2C12 (pq = 9,10-phenanthrenequinone) (Pierpont & Buchanan, 1975) with an MoVl-Mo vl distance of 3.160 (2) A, corresponding binuclear nitrido complexes are unknown.
All calculations were performed on the Oxford University ICL 1906A computer.
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